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Abstract: The pandemic of the coronavirus disease 2019 (COVID-19), has gained extensive coverage
in public media and global news, generated international and national communication campaigns
to educate the communities worldwide and raised the attention of everyone. The coronavirus has
caused viral pneumonia in tens of thousands of people around the world, and the COVID-19 outbreak
changed most countries’ routines and concerns and transformed social behaviour. This study explores
the potential use of Google Trends (GT) in monitoring interest in the COVID-19 outbreak and,
specifically, in personal protective equipment and hand hygiene, since these have been promoted
by official health care bodies as two of the most protective measures. GT was chosen as a source of
reverse engineering data, given the interest in the topic and the novelty of the research. Current
data on COVID-19 are retrieved from GT using keywords in two languages—Portuguese and Polish.
The geographical settings for GT are two countries: Poland and Portugal. The period under analysis
is 20 January 2020, when the first cases outside China were known, to 15 June 2020. The results show
that there is a correlation between the spread of COVID-19 and the search for personal protective
equipment and hand hygiene and that GT can help, to a certain extent, understand people’s concerns,
behaviour and reactions to sanitary problems and protection recommendations.
Keywords: COVID-19; personal protective equipment; face mask; sanitizers; hand hygiene
1. Introduction
At 10 am (CET) on 15 June 2020, over 8 million cases of severe acute respiratory illness caused
by the novel coronavirus (2019-nCOV), known as COVID-19, have been reported globally. Out of
those, 431,541 cases have been lethal and the disease has hit 195 countries and territories [1,2]. It took
over three months to reach the first 100,000 confirmed cases, 28 days to climb above 1 million and
only 13 days to reach 2 million confirmed cases [1]. The first infected cases in late 2019 are connected
to the Wuhan seafood market in China [3] and strong similarity with other previously well-known
respiratory diseases, such as Severe Acute Respiratory Syndrome (SARS-CoV) and the Middle East
Respiratory Syndrome–Coronavirus (MERS-CoV) [4] was observed. As at 10 am (CST) on 22 January
2020, Wuhan international airport was closed due to the threat of international dissemination of this
disease via commercial air travel [5]. Other public transportation in the city was also suspended.
In just a few weeks the disease spread to a large number of other countries, and on 30 January the
World Health Organization (WHO) Director-General declared the coronavirus outbreak a public health
emergency of international concern. On 11 February the official name of COVID-19 was announced for
the virus responsible for the new respiratory disease (previously known as “2019 novel coronavirus”
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or “2019-nCoV”) [6]. The coronavirus belongs to a large family of viruses that can cause many different
infections, from a cold to acute respiratory failure syndrome [7]. The one from Wuhan is only the 7th that
is known to harm people [8] and to the time being there is no single effective way to fight coronaviruses,
but only measures to help relieve symptoms, the most common including fever, respiratory problems
and lung infiltration [9].
According to Wörl, R. et al. [10] “from the current point of view, SARS-CoV-2 is transmitted mainly
by droplet infection. The incubation period is assumed to be a maximum of 14 days. In addition to
direct contact with an infected person, likely, the infection can also occur via hand or surface contact
(smear infection)”. Therefore, general protection measures include performing hand hygiene frequently
with an alcohol-based hand rub; avoiding touching eyes, nose and mouth; practising respiratory
hygiene; wearing a medical mask if having respiratory symptoms, keeping physical and social distance,
among others [11]. Since news media and official sources were instantly reporting the current number
of infected and new cases in new countries and territories [12,13], and measures across countries,
like contingency plans and information on protection measures, have been rousingly demanded by
governments, people started to be concerned with their health, due to coronavirus strong and fast
transmission speed [14,15]. This triggered global interest in personal protection equipment (PPE) [16].
PPE like face masks, gloves, gowns and goggles is considered effective against COVID-19 when used
in health and medical contexts [17]. Also, public interest was shown on face masks and sanitizers [18],
most likely because the first images from protection measures came from China, where the use of face
masks in a possible infection scenario is seen as safer and more considerate, the reason why some of
the Asian governments were urging to the massive wearing of masks. However, the WHO started by
discouraging the use of mask unless by persons with respiratory symptoms and by health staff and
considered that the global demand on PPE was driven not only by the number of COVID-19 cases but
also by misinformation, panic buying and stockpiling [19]. Respiratory etiquette and hand hygiene
have been, on the other hand, very encouraged by WHO since the beginning of the outbreak as more
effective personal protection measures.
There is little doubt that people all over the world express a personal interest in this topic by
searching for information and using search queries. Currently, rapid reports on the use of search
data refer to searches in “handwashing” [20] or “wash hands” [21], “loss of smell” [22], “other
symptoms” [23] of COVID-19 or correlation of coronavirus to “SARS” and “MERS” [24]. However,
there is little knowledge if the interest in PPE and hand hygiene is different or the same in different
countries. The motivation behind this study is, therefore, to use Google Trends (GT) data to analyze
how the search for information about face mask and hand hygiene, during the coronavirus outbreak,
is reported in two European countries: Poland and Portugal.
The study aims to explore the correlation of the spread of COVID-19 and the interest in Personal
Protective Measures (PPM), like face masks and sanitizers. By measuring this correlation, it is possible
to make nowcast, policy implications and other suggestions to state parties in terms of taking additional
health measures, namely concerning information and advice for the public.
The paper is organized as follows. Section 2 includes the method, GT concept and material for
data retrieval and processing. Section 3 refers to the results, while Section 4 presents the discussion.
In the last section, authors highlight the contribution of the research, discuss its limitations and draw
conclusions about the results.
2. Materials and Methods
An area of scientific research that focuses on scanning the Internet, publicly available data and
other sources for user-contributed health-related content is named infodemiology [25]. In recent years,
a lot of research has been done using data collected from Google Flu Trends or Google Health API.
Recently there has been a growing number of research studies using GT [26,27]. Before its release, early
studies were based on Google Flu Trends, a source for queries connected to diseases [28]. GT is the
source of reversed engineered data. It shows what was searched in Google, normalizes the data in
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terms of search frequency and presents it in relative search volumes. Data are segmented into years,
months, days, and geographical regions. Researchers can compare a maximum of 5 keywords or topics
using segments in one try. Studies on GT are mainly used to examine the seasonality [29] and can
be divided into four areas: infectious diseases, mental health, other diseases and general population
behaviour [30].
The methodology used in this study is based on [31] in terms of data collection and on [32] in
terms of data analysis. Data for this research are collected from GT (https://trends.google.com/trends)
and is normalized. The highest interest on search query is expressed by 100, whereas lack of interest or
insufficient data are expressed by 0. GT contains data from different geographical locations, segmented
into countries, territories and cities and also allows to set the custom time range. Queries are collected
from five specialized search engines: Web, Image, News, Google Shopping and YouTube Search. Data in
GT are an anonymized, unfiltered sample of actual search requests made in Google, which makes it
impossible to determine whether searches are made by individuals or companies or the exact intention
of the requested search. However, data are categorized into topics, determined by the search query,
which allows processing the interest in a particular topic in different countries. Our sample selection
process was based on four parameters: countries, period, new cases and keywords. The countries
were selected as a convenient sample that could be the subject of the study: the home countries of the
authors. This parameter was, therefore, incredibly prompt, uncomplicated, and economical. Data were
collected from Web Search with two geographical settings: (1) Portugal, to see the interest in PPM in
Portuguese; (2) Poland, to see the interest in PPM in Polish.
The period was defined between the first reported cases of the disease outside China mainland
(20 January 2020) [2] and 15 June 2020. As far as the third parameter is concerned—new cases—we
have used data in line with European Centre for Disease Prevention and Control (ECDC)’s copyright
policy. The downloadable data file is updated daily and contains the latest available public data
on COVID-19 [33]. Data are segmented into days, month, year, cases, death and countries. Finally,
keywords were selected related to PPM in Portugal and Poland, as described in the following section.
2.1. Keyword Selection
According to Mavragani & Ochoa [31], the terms used for the Google trends analysis are of
paramount importance, to be able to get reliable results. For this reason, and based on the topic of
this paper—personal protective measures against the new coronavirus—keywords related to PPE
and hand hygiene were both looked into in Portuguese and Polish. In Portuguese, the reference
terminology was from “Plano Nacional de Preparação e Resposta à Doença por Novo Coronavírus
(COVID-19)” [34]. The selected terms were máscara cirúrgica (face mask), desinfetante (sanitizer) and
álcool (alcohol). The full list of terms related to PPE includes gloves, face masks, respirators, goggles,
aprons, face shields, gowns, shoe protection and hair caps. However, the most referred to equipment
in mass and social media over the time covered by this paper was face mask. Moreover, the other PPE
terms were tested in GT and the hits were irrelevant.
Face masks were and still are, when available, one of the most bought protective items in Portugal,
running almost completely out of stock all over the country, especially after the outbreak in Italy,
by Carnival [35]. However, the term mask (máscara) in Portuguese is used in several domains and
contexts, which could raise some false hits in GT. First of all, in the health domain only, we can find
different designations for mask (máscara) apart from mask alone, such as, for instance, máscara de
proteção (protective mask) or máscara cirúrgica (face mask, surgical mask). Secondly, because a mask is
also a Carnival adornment, which in 2020 took place on 25 February, just about when the coronavirus
outbreak was being known in Italy. Finally, one of the Portuguese TV Channels was broadcasting
a very popular talent show called “A Máscara”, based on the American talent show “The Masked
Singer”, and the season finale took place on 23 February.
Therefore, when we searched for máscara in Google Trends, on 10 March, we could find that some
of the related queries mentioned Carnival and the TV show. For this reason, and in order to have more
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accurate results, we decided to use a narrower term, máscara cirúrgica (face mask), since this is also
the designation found in the face mask packages. As far as hand hygiene is concerned, we decided
to use the broader term desinfetante (sanitizer), instead of desinfetante para mãos (hand sanitizer) or gel
desinfetante (sanitizer gel), because all related terms in GT were concerned with desinfetante para as mãos
(hand sanitizer). Álcool, in Portuguese, as in other languages, is not only a term used to designate
an antiseptic substance but also a spirit. However, all the related keywords in our GT search were
only related to the antiseptic meaning of the term. After preliminary research in the Polish language,
we have chosen the following keywords to examine: maseczki (face masks), dezynfekcji (sanitizer) and
antybakteryjny (antibacterial). Contrarily to the semantic challenges in Portuguese, there were no
overlapping meanings or other related keywords in Polish, which allowed us to select the search terms
in a much more straightforward way. Data used for analysis are generated in a single enquiry so that
keywords’ scores in GT are adjusted. This method seemed to allow us to observe the volume of interest
between the keyword searches.
2.2. Data Analysis
Data analysis started with the use of visualization [36] to understand the trends of the data related to
the various keywords. Line graphs including the variations of the searches in GT of the three keywords,
and the number of new cases for each of the countries, were used in a first approach. The trends found
out through the visualization of the graphs were summarized. In addition, the numerical description
of the data was included, summarizing the distributions by the use of measures of central tendency
(mean, minimum, 1st quartile, median, 3rd quartile, and maximum), and measures of dispersion
(standard deviation, range, and interquartile ranges). Box Plot Diagrams were used to visualize the
distribution of the data. The data analysis for this paper was generated using MsExcelTM 2016 with
support of the add-in “Real Statistics Resource Pack software (Release 6.8), Copyright (2013–2020),
Charles Zaiontz (www.real-statistics.com).”
To be sure if the differences found in the keywords’ trends in both countries were statistically
significant, a t-student test has been applied for two paired samples [37,38], with formulas of
MsExcelTM 2016.
The test was applied for the null hypothesis. H0, against the alternative hypothesis, H1, to each of
the keywords:
H0. (maseczki, máscara cirúrgica): µ1PT = µ1PL
H1. (maseczki, máscara cirúrgica): µ1PT , µ1PL
H0. (dezynfekcji, desinfetante): µ2PT = µ2PL
H1. (dezynfekcji, desinfetante): µ2PT , µ2PL
H0. (antybakteryjny, álcool): µ3PT = µ3PL
H1. (antybakteryjny, álcool): µ3PT , µ3PL
In light of this, it seemed important to identify groups of days with similar searches. Moreover,
data were analyzed using machine learning techniques to obtain groups of days with similar searches
for Portugal and Poland, separately. Clustering was used, since “Clustering allows the identification
of homogeneous groups containing several elements which have high similarity with all the other
elements of the same cluster, and that have low similarity to all the elements of the other groups” [39].
The k-means algorithm was selected as the clustering algorithm. Despite being accepted as a simple and
efficient algorithm for clustering, one issue related to the use of the k-means algorithm is that the ideal
number of clusters is not predefined by the algorithm, being determined by the use of some accepted
heuristics [40–43]. Several experiments have been developed with a gradual increase in the number of
clusters and the corresponding analysis of the obtained errors have been performed. However, in light
of the poor analysis’ results as well as the relatively small size of the dataset, the authors decided
to consider only two clusters. Additionally, RapidMiner Studio version 9.7 (RapidMiner GmbH,
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Dortmund, Germany) was used and two similar RapidMiner Studio processes were implemented,
one for each country.
Finally, data were analyzed in search for correlations [37] between the keywords and the number
of new cases in Poland and Portugal respectively. This was done because this study aims to understand
if the spread of COVID-19 is related (i.e., correlates) with the interest in PPM. The spread of COVID-19
is represented by the variable new cases, whilst the interest in PPM is represented by each of the
GT searches for the keywords. Firstly, an intuitive approach was used by constructing scatterplots
with the new cases variable in the X-axe and each of the keywords searches in the Y-axe, adjusting a
straight line which shows the existence of a linear relationship. Following, the Pearson Correlation
Coefficient was obtained. This coefficient varies from −1 to +1. Disregarding the signal, the closer the
coefficient value is to 1, the stronger the relationship between the two variables. In order to verify if
the Pearson Correlation Coefficient varies as time goes by, it was also calculated considering lags of
1 day to 10 days, both for Portugal and for Poland. The p-values for the tests were also obtained to
confirm the statistical significance of the correlations. Both the scatterplots and the correlations were
obtained using MsExcelTM 2016.
3. Results
This section presents the results obtained with the data analysis, considering a 3-folded approach.
Firstly, we present the general trends found in the data. Secondly, the groups of days with similar
searches were identified. Finally, the results of the correlations between the spread of COVID-19 and
the interest in the PPM are presented.
3.1. General Trends
Figure 1 shows the evolution of the keywords searched in GT from 20 January to 15 June in Poland
and Portugal. Table 1 presents a numerical description of the data including measures of central
tendency, namely mean, minimum, 1st quartile, median, 3rd quartile, and maximum, and measures
of dispersion, namely standard deviation, range, and interquartile ranges. Figure 2 presents the box
plot diagrams for both countries. We can observe that there is a wide dispersion in the distributions,
which present very high standard deviations, higher than the mean in almost all the cases. Following,
a summary of the main trends that can be found in Figures 1 and 2 is presented.
Table 1. Descriptive numerical analysis of the dataset.
Maseczki MáscaraCirúrgica Dezynfekcji Desinfetante Antybakteryjny Álcool
Poland Portugal Poland Portugal Poland Portugal
Minimum 0 0 0 0 0 3
1st Quart. 3 0 1 5 0 10.75
Median 10 2 2 13 0 17
3rd Quart. 19 3 6 21 3 23.25
Maximum 48 8 17 51 9 48
SD 18.37 1.88 6.27 18.67 4.22 14.72
Range 100 8 26 100 25 84
Q1-Min 3 0 1 5 0 7.75
Med-Q1 7 2 1 8 0 6.25
Q3-Med 9 1 4 8 3 6.25
Max-Q3 81 5 20 79 22 63.75
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Figure 1. Evolution of the keywords in GT in Poland and in Portugal from 20 January to 15 June
compared to the number of new cases in each country respectively.
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Figure 2. BoxPlot graphs of the keywords in GT in Poland and Portugal from January 20 to June 15.
In Poland, the most searched keyword is maseczki, with a peak on 26 February. On 2 March
the searches with keywords d zynfekcji and antybakteryjny are higher than the searches with the
keyword maseczki. The keyword dezynfekcji prese s peaks o 12 March and 16 March, followed by a
down a trend, except on 20 March when a higher hit than maseczki can be found. The keyword
antybakteryjny presents a peak on 11 March, followed by a downward trend, except on 15 March when,
ag in, it has a higher hit th n maseczki. The keyw rd maseczki chieves a peak on 9 April, f llowed by
a fall, tending to rise again on 16 April. Interestingly, th searches with all t e k ywords present an
upward trend t the end of February and then again when the first confirmed cases emerge (between
7 and 9 M rch). The number of n w cases stabilize at t be inning of Apr l, after having suffered a
significant rise during March.
In Portugal, F gure 1 shows that the interest in all the keywords is low until the rise of new cases
at the beginnin of March, w en the searches with the thre e or s, máscara c rúrgica, desi fetante,
and álcool sl ghtly increase. The most searched keyword is álcool until 25 Febru y, when the searches
with the keyword desinf tante have mor hits. Th peak of the keyword desinfetante is to be se n on
3 March and on 13 March, followed by a downward trend. The searches with he keyword álcool
peaked on 13 March and on 17 March, also followed by a dow trend. Concerning the searches with the
keyword máscara irúrgica, it can be observed that they are not releva t in Portugal in t e first p riod
und r analysis, but show an in reasing trend at th beginning of April, simil r o levels of desi fetante
and álcool. Th number of new cases stabilize at the end of March, after the considerab e rise at the
begin ing of the month
In sum, it can be observed that the two countries have different trends. It can be said that the
interest in the keyword maseczki is deeper in Poland, revealing a big increase i April, whil in Portugal
the keywords desinfetante and álcool are more relevant, comp red to the low hits of the keyword
máscara cirúrgica.
Following, t-students tests have been applied to ascertain if the differences found in the trends of
the two countries were sta is ically significant (cf. Table 2). We observe that the tests are statistically
significant for all h thr e categories, thus we can reject the null hypothesis nd conclude th there
are differences in the use of all the thr e keywords betw en Poland and Portug l.
Table 2. Summary of the t-student test for two paired samples for means.
Keywords Means Test Results p-Value
máscara cirúrgica µ1PT ' 2.04 ' 9.01 ' 1.02× 10−15
maseczki µ1PL = 15.02 (>1.99, 2-tailed t-value) (<α = 0.05)
desinfetante µ2PT ' 16.74 ' −10.84 ' 1.75× 10−20
dezynfekcji µ2PL ' 4.65 (<−1.99, 2-tailed t-value) (<α = 0.05)
álcool µ3PT ' 20.19 −18.31 ' 9.27× 10−40
antybakteryjny µ3PL ' 2.31 (<−1.99, 2-tailed t-value) (<α = 0.05)
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3.2. Group of Days with Similar Searches
Two datasets have been considered for the generation of the groups of days for each country,
containing the keyword searches.
As far as Poland is concerned, two groups of days were identified:
• cluster 1, comprising twenty-one days, from 1 April to 21 April
• cluster 0, all the other days of the period under analysis.
These results allow us to say that in Poland the considered period has similar types of searches,
except for 1 April to 21 April, coincident with the high search volume (Figure 1).
As far as Portugal is concerned, two groups of days were identified:
• cluster 1, comprising thirteen days, from 9 March to 21 March
• cluster 0, all the other days of the period under analysis.
In view of this, it can be said that in Portugal the considered period has similar types of searches,
except between 9 March and 21 March, coincident with the high search volume for desinfetante and
álcool (Figure 1).
Table 3 presents the values of the cluster centroids for both countries. It can be noticed that,
concerning Poland, the main difference in cluster centroids is related to the value of the keyword
maseczki, which is low for the cluster centroid 0, and high for the cluster centroid 1. Concerning
Portugal, the main difference in cluster centroids is in the value of the keywords desinfetante and álcool,
which is low for luster centroid 0, and high for cluster centroid 1. The results thus show that all days
comprised by cluster 0 are closer to cluster centroid 0 than to the cluster centroid 1, and vice-versa, and
that the centroids values validate the results emphasized above.
Table 3. Information about the centroids of the clusters for Poland and Portugal.
Poland Portugal
Keyword Cluster 0 Cluster 1 Keyword Cluster 0 Cluster 1
maseczki 9.500 54.889 máscaracirúrgica 2.059 1.833
dezynfekcji 4.577 5.167 desinfetante 12.206 68.167
antybakteryjny 2.377 1.833 álcool 16.816 58.417
3.3. Correlations between the Spread of COVID-19 and the Keywords
To obtain a quick idea of the relation between the spread of COVID-19 and the interest in PPM,
the scatterplots with the new cases variable in the X-axe and each of the keywords searches in the Y-axe
can be found in Figure 3 below. A positive relation was only observed in the keywords máscara, in
Portugal, and maseczki, in Poland, showing that the increase of new cases led to a higher search for
these keywords.Healthcare 2020, 8, x  9 of 16 
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The Pearson Correlation Coefficients have been calculated between the series of searches of the
keywords in Google Trends (GT) and the lagged series of the new cases of COVID-19, for each country,
considering day lags from 0 to 10.
Table 4 presents the evolution of the correlations between each keyword search volume in Poland
and the number of new cases of coronavirus in the country. It is shown that only the keyword
maseczki has a correlation (between 0.3 and 0.4) with the number of new cases and that this very strong
correlation is to be observed for 10 days, despite slight variations. The other two keywords have
similar correlations (between 0.2 and 0.4) with the number of new cases. Finally, p-values reveal very
high statistical significance for all coefficients.
Table 4. Day Lag Correlations between New Cases and the keywords in Poland.
Maseczki Dezynfekcji Antybakteryjny
0 day lag 0.38 *** −0.21 *** −0.33 ***
1 day lag 0.36 *** −0.23 *** −0.34 ***
2 day lag 0.35 *** −0.25 *** −0.36 ***
3 day lag 0.33 *** −0.27 *** −0.36 ***
4 day lag 0.35 *** −0.28 *** −0.37 ***
5 day lag 0.33 *** −0.29 *** −0.38 ***
6 day lag 0.33 *** −0.31 *** −0.38 ***
7 day lag 0.33 *** −0.32 *** −0.39 ***
8 day lag 0.31 *** −0.33 *** −0.39 ***
9 day lag 0.30 *** −0.33 *** −0.40 ***
10 day lag 0.28 *** −0.34 *** −0.40 ***
*** p-value < 0.001.
Table 5 presents the evolution of the correlations between the keywords’ search volume in Portugal
and the number of new cases of coronavirus in the country. It can be noticed that the keyword máscara
cirúrgica has a very strong correlation (between 0.5 and 0.6) with the number of new cases for 3, 6, 7,
8, 9 and 10-day lags, showing also strong correlations (between 0.4 and 0.5) with the other day lags.
The other two keywords—álcool and desinfetante—have low correlations (below 0.2) with the number
of new cases. Also, p-values reveal very high statistical significance for all coefficients.
Table 5. Day Lag Correlations between New Cases and the keywords in Portugal.
Máscara Cirúrgica Desinfetante Álcool
0 day lag 0.40 *** 0.02 *** 0.15 ***
1 day lag 0.48 *** −0.01 *** 0.15 ***
2 day lag 0.48 *** −0.04 *** 0.09 ***
3 day lag 0.51 *** −0.04 *** 0.04 ***
4 day lag 0.43 *** −0.06 *** 0.03 ***
5 day lag 0.47 *** −0.06 *** 0.01 ***
6 day lag 0.50 *** −0.07 *** 0.04 ***
7 day lag 0.51 *** −0.07 *** 0.01 ***
8 day lag 0.55 *** −0.08 *** 0.03 ***
9 day lag 0.58 *** −0.08 *** −0.01 ***
10 day lag 0.56 *** −0.09 *** −0.02 ***
*** p-value < 0.001.
4. Discussion
The results show that there are correlations between the search for keywords and the evolution of
new cases, which are identified in two-time clusters for each country. In this section, we will discuss
the results within the context of each country, also taking into consideration contention measures and
communication strategies.
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We will discuss the results related to the keywords in two parts, first in Portugal and then
in Poland.
Since the first images from the outbreak came from China, where, as explained before, the use
of face masks is culturally normal in case of suspicion of infection and currently mandatory in many
places [44], and being COVID-19 a respiratory disease, the purchase of masks was a normal reaction in
both countries. These factors provoked the exponential rise of purchases of face masks, both in Portugal
and Poland, precipitating a masks’ shortage, even for medical purposes [18], although surprisingly,
in results, the keyword search volume was not very significant in Portugal. One of the reasons for
this weak volume may have been the fact that the Portuguese keyword—máscara cirúrgica —had some
limitations, as we explain in the following section. Additionally, wearing a mask is generally taken as
a relatively well-known PPE, which may not demand much search for information online. Moreover,
this low search volume is, till very recently in line with official recommendations by WHO, ECDS and
Directorate-General for Health (DGS), for instance. Still today, there is no broad consensus among
medical staff and national and international bodies if wearing face masks (e.g., surgical-type) outside
of healthcare settings or by non-contaminated people during a pandemic offers effective protection or
reduces transmission [45].
Therefore, the massive use of masks is still not recommended by ECDC, WHO, DGS, although
since 6 April the official notices of those bodies have slightly changed, starting with WHO, stating
that “potential advantages of the use of a mask by healthy people in the community setting include
reducing potential exposure risk from an infected person during the “pre-symptomatic” period and
stigmatization of individuals wearing a mask for source control.” [46] On the following days, ECDC [45]
(8 April) and the DGS (13 April) [47] suggest that the use of a mask is a complementary protection
measure, stressing, however, hand hygiene and social distance as more effective protection measures.
Our results are in line with the communication flow from the international health bodies and DGS,
adjusted to the severity of the pandemic situation in Portugal, since Figure 1 shows a slight increase in
the search with the keyword máscara cirúrgica after April 13.
Most official public notices and information in Portugal have been stressing hand hygiene and
social distance as more effective protection measures. Therefore, and contrarily to the results related to
queries for mask, in Portugal, searches for hand hygiene-related information were relatively stable
during the period under analysis. However, the results highlight that the groups of days of searches
split in both countries. In Portugal, that can be observed from 9 to 21 March, when the search volume
for desinfetante and álcool peaks, which corresponds to the findings of the group of days identified
in Section 3.2, as belonging to cluster 1. Due to the increase of new cases (with a growth rate above
40% since the beginning of March), some public bodies and the Portuguese government started to
implement the first contention measures on 8 March [48]. These contention and mitigation measures
were intensified in the following days, and on 10 March Portugal suspends all flights to and from Italy,
theatres, museums and libraries are closed in Lisbon and Porto, together with some public events and
some universities and schools suspend in-presence classes. Also on 10 March, WHO General-Secretary
states that “the threat of a pandemic has become very real” [49] and the next day the WHO announces
COVID-19 outbreak a pandemic. Between 12 and 16 March, the Portuguese Government declares a list
of new contention and mitigation measures, namely quarantine for epidemiological surveillance and
all schools and universities have in-presence classes suspended till 9 April, which sent many public
servers home for telework. On 17 March the President of the Portuguese Republic approved the State
of Emergency, implemented by the Portuguese Government on 18 March. This period, 9–21 March,
was, therefore, most likely when the Portuguese population was deeply aware of the severity of the
sanitary problem of COVID-19. Moreover, it was also the period with the highest growth rates of new
cases (with the highest rate so far—51%—on 14 March [50]). So, considering all this, PPM was at this
time certainly also a higher concern and results appear to corroborate this, with the peak of the search
for desinfetante and álcool in cluster 1, corresponding to the group of days between 9 and 21 March.
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In Poland, results showed that groups of days of searches split, with a peak on 9 April. Poland
implemented strong contention measures earlier than Portugal (at the beginning of March). However,
on 9 April, the Polish government announced that the closure of educational institutions and
international transport would continue till 26 April, the borders would remain “closed” until 3 May,
and people entering Poland would still be required to be quarantined for 14 days [51]. A new control
measure was planned to start from 16 April, making it obligatory to cover one’s nose and mouth
in public places, with masks, scarves or any other form of face-covering [52]. It should be noticed
that this announcement of the Polish government could partly explain the group of days from cluster
1, between 1 and 21 April, and the results of Section 3.2, where different types of searches could be
observed. Contrary to Portugal, in Poland sanitizers were not “seen” and referred to as intensively in
mass media or is official public notices. This can be a possible explanation for the late rise in the search
of this keyword since people were still gathering information about necessary hand hygiene practices
for personal protection while already lacking face masks. What is more, this is consistent with what
has been found by Husnayain et al. (2020) [20] and Lin et al. (2020) [21].
Together, the present results confirm a correlation between the spread of COVID-19, the media
news, health bodies’ recommendations, governmental measures, growth rate and social and commercial
behaviour concerning personal protective measures, namely the wearing of masks and use of hand
sanitizer. Despite the fact that there was some inconsistency in the keyword research and social and
commercial behaviour of the two countries, namely as far as the search and purchase of masks is
concerned in Portugal, for instance, results point that both countries seem to have had a different
interest in PPM, accordingly their national health bodies’ position on the more effective measures to
fight the spread of COVD-19. We could, therefore, see higher interest in sanitizers in Portugal, since
this hand hygiene was officially considered a more effective protection measure contrarily to Poland’s
higher interest in masks, earlier considered effective and made compulsory.
5. Conclusions
This exploratory research has presented search trends for Personal Protection Measures, in Poland
and Portugal, in the early months of the spread of COVID-19 (from 20 January to 15 June). After a
thorough research, three keywords in each language have been selected, and their search trends
analysed. Clustering to find periods of similar searches has been used and two clusters for each
country have been identified. From the results, it can be concluded that the selected period and the
number of searches for these keywords are statistically significant. Moreover, the correlation of selected
keywords with the number of new cases reported in each country has been also analysed and, in both
countries, the keyword maseczki/máscara cirúrgica shows a relation (i.e, positive correlations, as depicted
in Figure 1, and Tables 3 and 4) with new cases. This highlights a correlation between the spread of
COVID-19 and the search for PPM, although with different interest levels in each measure.
5.1. Contribution
This exploratory study meant to explore the correlation of the spread of COVID-19 and the interest
in PPM, like face masks and sanitizers. By measuring this correlation, we expected to assess the
usefulness of GT in monitoring not only commercial behaviour, being therefore of particular interest in
marketing purposes, but specifically collective social reactions to mass media and official notices and
public communications in a context of sanitary emergency [53,54].
Among the many studies already available in various fields that use Google Trends data, many
attempted to understand people or society through search activities and thereby predict behaviour
and some with success [55]. Some of those studies focused on the influence of public opinion by
mass media and in a context of elections, for instance, but the most common fields of knowledge
using Google Trends have been medical, pharmaceutical, economics, and more recently politics and
marketing, among others. However, still according to Le Nghiem et al. (2016) [55], the use of GT to
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index research on social phenomena, like communication, for instance, can be of high interest and a
rising trend itself.
Given that our findings are based on a limited number of keywords and countries, the results
obtained do not allow us to make generalizations. However, they have indicated that online social
behaviour was in line with the official sources of public notices and information and that it changed
when the information changed. Even if an exploratory and limited study, we believe that our results
show that if the official bodies provide proper information during a disease outbreak this can, to a
certain extent, preview and guide the population behaviour, as well as help better manage supplies
during a pandemic. It could also decrease an excessive amount of information and misinformation
circulating in affected countries which might cause public anxiety or panic. In response to the ongoing
pandemic, our results demonstrated that GT could potentially define the proper timing and location
for risk communication.
Notwithstanding the lack of similar research, we could compare our results with and further
emphasise the relevance of the followed approach since the current pandemic is a new phenomenon,
we believe this research has raised interesting questions concerning public communication in a
pandemic context. Finally, although this specific study did not have a cultural approach as its main
purpose, it raised some interesting issues that could be further and better explored. We, therefore,
believe that this kind of comparative analysis, using GT, can certainly be of use for other fields, like,
for instance, intercultural communication studies, namely health-related.
5.2. Limitations and Future Research Directions
These results must be interpreted with caution and a number of limitations should be borne in
mind. First of all, the country comparison was merely opportunistic, due to the nationality of the
researchers, and was not based on specific cultural features that could have highlighted more relevant
results. Secondly, as far as research aims and objectives are concerned, this has to be considered
an exploratory study that does not intend to provide conclusive answers but, mainly, show the
importance of tools such as GT to research on how mass communication and especially public notice
and information can influence the online search of the general audiences, in a pandemic context.
Nevertheless, also GT data have some limitations that cannot be overlooked. The first is that
data about coronavirus, COVID-19, number of new cases, new restrictions in countries, among others,
is changing rapidly every day. Thus results are only relevant on the reported date. Once data were
retrieved using bilingual keywords, results were also dependent on the linguistic connotations and
cultural context, which also interfered with the design of the search in GT, as it was the case of máscara.
We believe that, had this study been developed in another timing, the results could have been different.
Another limitation concerns the sample size of personal protective measures. As we referred
to above, PPM include much more measures than just PPE and hand hygiene. Also, PPE concerns
a much broader list of equipment beyond face masks. These two types of measures and items in
particular (face masks and sanitizers) were, however, the most massively referred to and discussed as
PPM. Finally, face masks and sanitizers are also products (not only measures) and therefore also more
suitable keywords to use in GT.
All these limitations are, however, new research opportunities, since social behaviour concerning
PPM during the pandemic is dynamic and the knowledge concerning the wearing of PPE, hand and
respiratory hygiene/cough etiquette and other PPM is increasing too. Therefore, now that general
panic seems to have decreased in both countries, the focus seems to be more on getting out of the
lockdown and that the search for masks seems to be decreasing, while other keywords like PPE are
starting to be less unknown by the general public, there seems to be room to use Google Trends to
study more correlations related to COVID-19. Another direction of future work could be the use of
different GT methodology for cross-country comparison.
Healthcare 2020, 8, 203 13 of 15
Author Contributions: Conceptualization, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque);
data curation, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque); formal analysis, A.S., A.A.
(Ana Azevedo) and A.A. (Alexandra Albuquerque); funding acquisition, A.S., A.A. (Ana Azevedo) and
A.A. (Alexandra Albuquerque); investigation, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque);
methodology, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque); project administration, A.S., A.A.
(Ana Azevedo) and A.A. (Alexandra Albuquerque); resources, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra
Albuquerque); software, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque); supervision, A.S., A.A.
(Ana Azevedo) and A.A. (Alexandra Albuquerque); validation, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra
Albuquerque); visualization, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque); writing—original
draft, A.S., A.A. (Ana Azevedo) and A.A. (Alexandra Albuquerque); writing—review & editing, A.S., A.A.
(Ana Azevedo) and A.A. (Alexandra Albuquerque). All authors have read and agreed to the published version of
the manuscript.
Funding: This research received no external funding.
Acknowledgments: This research initiated during Artur Strzelecki’s research stay at Polytechnic Institute of
Porto, Portugal.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. Dong, E.; Du, H.; Gardner, L. An interactive web-based dashboard to track COVID-19 in real time. Lancet Infect.
Dis. 2020. [CrossRef]
2. World Health Organization. Coronavirus Disease (COVID-2019) Situation Reports. Available online: https:
//www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports (accessed on 16 April 2020).
3. Huang, C.; Wang, Y.; Li, X.; Ren, L.; Zhao, J.; Hu, Y.; Zhang, L.; Fan, G.; Xu, J.; Gu, X.; et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020, 395, 497–506. [CrossRef]
4. Wang, C.; Horby, P.W.; Hayden, F.G.; Gao, G.F. A novel coronavirus outbreak of global health concern. Lancet
2020, 395, 470–473. [CrossRef]
5. Bogoch, I.I.; Watts, A.; Thomas-Bachli, A.; Huber, C.; Kraemer, M.U.G.; Khan, K. Pneumonia of unknown
aetiology in Wuhan, China: Potential for international spread via commercial air travel. J. Travel Med. 2020.
[CrossRef] [PubMed]
6. World Health Organization. Naming the Coronavirus Disease (COVID-2019) and the Virus That Causes It.
Available online: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance/
naming-the-coronavirus-disease-(covid-2019)-and-the-virus-that-causes-it (accessed on 16 April 2020).
7. Chen, Y.; Liu, Q.; Guo, D. Emerging coronaviruses: Genome structure, replication, and pathogenesis.
J. Med. Virol. 2020, 92, 418–423. [CrossRef] [PubMed]
8. Hui, D.S.; Azhar, E.I.; Madani, T.A.; Ntoumi, F.; Kock, R.; Dar, O.; Ippolito, G.; Mchugh, T.D.; Memish, Z.A.;
Drosten, C.; et al. The continuing 2019-nCoV epidemic threat of novel coronaviruses to global health—The
latest 2019 novel coronavirus outbreak in Wuhan, China. Int. J. Infect. Dis. 2020, 91, 264–266. [CrossRef]
9. Cheng, V.C.C.; Wong, S.-C.; To, K.K.W.; Ho, P.L.; Yuen, K.-Y. Preparedness and proactive infection control
measures against the emerging novel coronavirus in China. J. Hosp. Infect. 2020, 104, 254–255. [CrossRef]
10. Wörl, R.; Klein, M.; Hinrichs, T. Coronavirus Outbreak in China: Personal Protective Equipment and Other
Protective Measures. Available online: https://www.berner-safety.de/media/9502/coronavirus-outbreak-in-
china-personal_protective_equipment_and-other_protective_meausres_-_en.pdf (accessed on 15 April 2020).
11. European Centre for Disease Prevention and Control. Considerations Relating to Social Distancing Measures in
Response to COVID-19–Second Update; ECDC: Stockholm, Sweden, 2020.
12. La, V.P.; Pham, T.H.; Ho, M.T.; Nguyen, M.H.; P Nguyen, K.L.; Vuong, T.T.; Tran, T.; Khuc, Q.; Ho, M.T.;
Vuong, Q.H. Policy Response, Social Media and Science Journalism for the Sustainability of the Public Health
System Amid the COVID-19 Outbreak: The Vietnam Lessons. Sustainability 2020, 12, 2931. [CrossRef]
13. Hua, J.; Shaw, R. Corona Virus (COVID-19) “Infodemic” and Emerging Issues through a Data Lens: The Case
of China. Int. J. Environ. Res. Public Health 2020, 17, 2309. [CrossRef] [PubMed]
14. Pan, L.; Wang, L.; Huang, X. How to face the novel coronavirus infection during the 2019–2020 epidemic:
The experience of Sichuan Provincial People’s Hospital. Intensive Care Med. 2020. [CrossRef]
15. Strzelecki, A. The second worldwide wave of interest in coronavirus since the COVID-19 outbreaks in South
Korea, Italy and Iran: A Google Trends study. Brain Behav. Immun. 2020. [CrossRef] [PubMed]
Healthcare 2020, 8, 203 14 of 15
16. World Health Organization. Preparing for Large-Scale Community Transmission of COVID-19. Available
online: https://apps.who.int/iris/bitstream/handle/10665/331243/COVID-19-02282020.pdf (accessed on
16 April 2020).
17. Ong, S.W.X.; Tan, Y.K.; Chia, P.Y.; Lee, T.H.; Ng, O.T.; Wong, M.S.Y.; Marimuthu, K. Air, Surface Environmental,
and Personal Protective Equipment Contamination by Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) From a Symptomatic Patient. JAMA 2020. [CrossRef]
18. Mahase, E. Novel coronavirus: Australian GPs raise concerns about shortage of face masks. BMJ 2020, m477.
[CrossRef] [PubMed]
19. World Health Organization. Rational Use of Personal Protective Equipment for Coronavirus Disease 2019
(COVID-19). Available online: https://apps.who.int/iris/bitstream/handle/10665/331215/WHO-2019-nCov-
IPCPPE_use-2020.1-eng.pdf (accessed on 16 April 2020).
20. Husnayain, A.; Fuad, A.; Su, E.C.-Y. Applications of google search trends for risk communication in infectious
disease management: A case study of COVID-19 outbreak in Taiwan. Int. J. Infect. Dis. 2020. [CrossRef]
[PubMed]
21. Lin, Y.-H.; Liu, C.-H.; Chiu, Y.-C. Google searches for the keywords of “wash hands” predict the speed of
national spread of COVID-19 outbreak among 21 countries. Brain Behav. Immun. 2020. [CrossRef]
22. Walker, A.; Hopkins, C.; Surda, P. The use of google trends to investigate the loss of smell related searches
during COVID-19 outbreak. Int. Forum Allergy Rhinol. 2020. [CrossRef]
23. Qin, L.; Sun, Q.; Wang, Y.; Wu, K.-F.; Chen, M.; Shia, B.-C.; Wu, S.-Y. Prediction of Number of Cases of 2019
Novel Coronavirus (COVID-19) Using Social Media Search Index. Int. J. Environ. Res. Public Health 2020, 17,
2365. [CrossRef]
24. Strzelecki, A.; Rizun, M. Infodemiological Study Using Google Trends on Coronavirus Epidemic in Wuhan,
China. Int. J. Online Biomed. Eng. 2020, 16, 139–146. [CrossRef]
25. Eysenbach, G. Infodemiology and Infoveillance: Framework for an Emerging Set of Public Health Informatics
Methods to Analyze Search, Communication and Publication Behavior on the Internet. J. Med. Internet Res.
2009, 11, e11. [CrossRef]
26. Arora, V.S.; McKee, M.; Stuckler, D. Google Trends: Opportunities and limitations in health and health policy
research. Health Policy 2019, 123, 338–341. [CrossRef]
27. Jun, S.-P.; Yoo, H.S.; Choi, S. Ten years of research change using Google Trends: From the perspective of big
data utilizations and applications. Technol. Forecast. Soc. Chang. 2018, 130, 69–87. [CrossRef]
28. Ginsberg, J.; Mohebbi, M.H.; Patel, R.S.; Brammer, L.; Smolinski, M.S.; Brilliant, L. Detecting influenza
epidemics using search engine query data. Nature 2009, 457, 1012–1014. [CrossRef] [PubMed]
29. Mavragani, A.; Ochoa, G.; Tsagarakis, K.P. Assessing the Methods, Tools, and Statistical Approaches in
Google Trends Research: Systematic Review. J. Med. Internet Res. 2018, 20, e270. [CrossRef] [PubMed]
30. Nuti, S.V.; Wayda, B.; Ranasinghe, I.; Wang, S.; Dreyer, R.P.; Chen, S.I.; Murugiah, K. The Use of Google
Trends in Health Care Research: A Systematic Review. PLoS ONE 2014, 9, e109583. [CrossRef] [PubMed]
31. Mavragani, A.; Ochoa, G. Google Trends in Infodemiology and Infoveillance: Methodology Framework.
JMIR Public Health Surveill. 2019, 5, e13439. [CrossRef] [PubMed]
32. Shin, S.-Y.; Seo, D.-W.; An, J.; Kwak, H.; Kim, S.-H.; Gwack, J.; Jo, M.-W. High correlation of Middle East
respiratory syndrome spread with Google search and Twitter trends in Korea. Sci. Rep. 2016, 6, 32920.
[CrossRef]
33. European Centre for Disease Prevention and Control Download. Today’s Data on the Geographic
Distribution of COVID-19 Cases Worldwide. Available online: https://www.ecdc.europa.eu/en/publications-
data/download-todays-data-geographic-distribution-covid-19-cases-worldwide (accessed on 16 April 2020).
34. Correia, A.M.; Rodrigues, A.P.; Dias, C.; Antunes, D.; Simões, D.G.; Maltez, F.; Froes, F.; Saldanha, G.;
Leiras, G.; Duarte, G.; et al. Plano Nacional de Preparação e Resposta à Doença por Novo Coronavírus (COVID-19);
Direção-Geral da Saúde: Lisbon, Portugal, 2020.
35. Lourenço, P. Portugueses Entram na Corrida às Máscaras com Surto em Itália. Available online: https://www.
jn.pt/nacional/portugueses-entram-na-corrida-as-mascaras-com-surto-em-italia-11859041.html (accessed on
15 April 2020).
36. Sharda, R.; Delen, D.; Turban, E. Business Intelligence, Analytics, and Data Science: A Managerial Perspective,
4th ed.; Pearson: London, UK, 2014.
37. Witte, R.S.; Witte, J.S. Statistics, 11th ed.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2017; ISBN 978-1-119-25451-5.
Healthcare 2020, 8, 203 15 of 15
38. Herzog, M.H.; Francis, G.; Clarke, A. Variations on the t-Test. In Understanding Statistics and Experimental
Design; Springer: Cham, Switzerland, 2019; pp. 51–59.
39. Azevedo, A. Data Mining and Knowledge Discovery in Databases. In Encyclopedia of Information Science and
Technology, 4th ed.; IGI Global: Hershey, PA, USA, 2018; pp. 1907–1918.
40. Han, J.; Kamber, M.; Pei, J. Data Mining; Elsevier: Amsterdam, The Netherlands, 2012; ISBN 9780123814791.
41. Hand, D.; Mannila, H.; Smyth, P. Principles of Data Mining Cambridge; MIT Press: Cambridge, MA, USA, 2001.
42. Larose, D.T.; Larose, C.D. Discovering Knowledge in Data; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2014;
ISBN 9781118874059.
43. Witten, I.H.; Frank, E.; Hall, M.A.; Pal, C.J. Data Mining: Practical Machine Learning Tools and Techniques;
Elsevier: Amsterdam, The Netherlands, 2011; ISBN 9780123748560.
44. Lau, J.T.F. SARS related preventive and risk behaviours practised by Hong Kong-mainland China cross
border travellers during the outbreak of the SARS epidemic in Hong Kong. J. Epidemiol. Commun. Health
2004, 58, 988–996. [CrossRef]
45. European Centre for Disease Prevention and Control. Using Face Masks in the Community; ECDC: Stockholm,
Sweden, 2020.
46. World Health Organization. Advice on the Use of Masks in the Community, During Home Care and in
Healthcare Settings in the Context of the Novel Coronavirus (COVID-19) Outbreak. Available online:
https://www.who.int/publications-detail/advice-on-the-use-of-masks-the-community-during-home-care-
and-in-health-care-settings-in-the-context-of-the-novel-coronavirus-(2019-ncov)-outbreak (accessed on 16
April 2020).
47. Direção Geral da Saúde COVID-19: Fase de Mitigação. Uso de Máscaras na Comunidade.
Available online: https://www.dgs.pt/normas-orientacoes-e-informacoes/informacoes/informacao-n-0092020-
de-13042020.aspx (accessed on 16 April 2020).
48. Mendes, F.A.; Jesus, P.; Dantas, M. Há 25 Casos de Coronavírus Confirmados em Portugal—Dez
Ligados à Mesma Pessoa. Available online: https://www.publico.pt/2020/03/07/sociedade/noticia/ha-21-casos-
coronavirus-confirmados-portugal-dez-ligados-pessoa-1906846 (accessed on 15 April 2020).
49. Chaíça, I. Organização Mundial de Saúde Considera que Ameaça de Pandemia por Coronavírus “Se Tornou
Muito Real”. Available online: https://www.publico.pt/2020/03/10/ciencia/noticia/organizacao-mundial-
saude-considera-ameaca-pandemia-coronavirus-tornou-real-1907072 (accessed on 15 April 2020).
50. Saúde, D.G. Da Relatório de Situação. 2020. Available online: https://covid19.min-saude.pt/relatorio-de-
situacao/ (accessed on 16 April 2020).
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